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Description 

Field of the Invention 

This invention relates \o electrosur gtcal tissue treat- 
ment, and in particular, to a memod and apparatus tor 
controlling the elactrosorgtcal treatment of tissue by 
measuring impedance of the tissue being treated by an 
elect rosurgtcal device 

i 

Background of the invention 

Electroaurgical generators are used to detrver ther- 
apeutic electrical energy to surgical mtrunenu. These 
instruments are used lor example, tor cutting, coagula- 
tion, tissue wetting, ablation, and dissection. Both mo- 
nopolar and bipoter generators typically supply eJectio- 
surgcal energy in the radio frequency <RF) range to such 
instruments. Usually such generators include controls 
that regulate the voltage anoVor current so that a select 
power level is approximately delivered and a maximum 
power level is not exceeded. 

Y/rjen such RF generators are used, the primary 
control is the experience of me surgeon who responds 
to what is observed to be happening to the tissue as it is 
treated with the RF energy. Often, particularly tor endo- 
scopic procedure*, surgeons cannot reacfcy see what is 
happening to the tissued Also* the change in tissue prop- 
erties due to the RF energy may occur so <tuicUy »o as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the mtrument As a result 
some problems which may occur include tissue charring, 
sticking of tissue to the electrodes of the surgical instru- 
ment, and over or under treatment of tissue. 

It has been recognized that the tissue impedance 
changes as RF energy is applied to me tissue. Attempts 
have been mads to control the power delivered to the 
tissue as me tissue impedance changes. For example, 
current has been controlled based on the change in the 
voltage or the power delivered by the generator to tissue 
The differentia! quotient of tissue impedance as RF pow- 
er is applied to me tissue has been used to determine 
an initial power level and to switch off RF power when 
the deferential quotient of impedance reaches a preset 
value. 

Notwithstanding these control arrangements, there 
is a continuing need tor improvement in the control of 
electroeurgjcaf energy deliverance to the tissue anchor 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end pom* of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
varying tissue composition, tissue types and treated tis- 
sue areas andtor volumes. 

The presort invention relates to a device and math- 
od of the type described in EP-A-O 640 317. 



Summary of the Invention 

The present invention provides an impedance mon- 
itoring device and/or method which monitors me imped- 
5 ance of tissue between poles of a therapeutic efaet/oaur- 
gical instrument Based on a model of expected tissue 
impedance behavior over time with the detrver ance of 
electrosurgical energy; the rnonttored tissue impedance 
is used to determine tissue status. This will be described 
"> in mora detail below. A signal Indicating status of tissue 
is provided other to a user or to an instrument controler. 
The device may also include a switch which automati- 
cally turns off the electrical energy when treatment b 
completed. 

In accordance with the present invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance as electrical energy is de- 
livered to tosoe. Accofcfing to known tissue impedance 
models, tissue rnpedance iraiaJtydncos as electncal en- 
ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides for estab- 
lishing a vajue for the minimum impedance, ie.. when 
the impedance is at iU l»westvalue as U^anergy is ap- 
plied. Then; the vnpedanceJvaJue anticipated to provide 
the desire^ tissue effect ts determined by calculating a 
selected function of the established minimum imped* 
ance. Whan the measured imp edanc e rises to the level 
of the impedance value for the desired result. e.g.. co- 
agulation, tissua ws ld i igof a level of diathermy, the in- 
strument win indicate or provide a response for such 
event. The present invention is preferably adapted so 
that me concision is detected for a range of expected tis- 
sue impedances which vanes according to tissue type, 
area ancVor volume. 

In a preferred eirifaoolment the desired tissue condi- 
tion is where coagulation is completed. When this point 
has been reached a teedbac k ■ Ignsl is provided to a coo- 
trot una or to the user, at which time ma energy supply 
is switched oil. The feedback signal may, for exempts, 
provide s visual, audfcte or tactile signal to a user. anoYor 
may provide instructions to a control unit to aulomaticaty 
turn off energy supplied to the tissue. 

Optionally, the device may also include a switch, 
adapted to turn off electrical energy when a short circuit 
condition is detected, when an open circuit condrtkn is 
detected or when the device is on, Le.. supplying current 
or voltage for a preset maxsnum amount of time. 

In accordance wth one aspect of the present inven- 
tion, an electrosurgical apparatus lor coagulating tissue 
during a surgical procedure comprises en end effector 
with opposing interfacing surfaces which may be closed 
towards each other to engage tissue to be electrosurgj- 
catty treated. Preferably me end effector includes first 
and second ele m e nts movable relative to one another 
tor engaging tissue to be coagulated therebetween. At 
least one of me electrical poles of the instniment is com- 
prised of an elsctrcde associated wimalle^ 

first anc* ••etvw* •liminti, TK* ♦l«otro<*« im m conlapt 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contacting electrode**) of the first andtor 
second elements. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. Tne feedback circuitry in- 
cludes a first device tor determrung a minimum imped- 
ance value and holding said minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cw- 
cu* determines a threshold ffnpedance value as a func- 
tion of the held minimum impedance yatoe. 

the threshold determining circuit may comprise an 
analog device for determining the function of minimum 
' impedance or a digital circuit nctuding. lor example, a 
look up table tor determining the threshold impedance 
value based on an input minimum impedance vakie. 

Alter, a threshold value has been deterrrwned. a first 
comparator compares the measured impedance value 
to mresnold impedance value and generates a power 
control signal to the power controller to control the RF 
energy defiyered to the tissue upon the condition oMne 
measured impedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical- 
switch tor selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and 
second elements. 

The power controser may selectively switch off the . 
power suppled to Ihe tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when an open circuit condi- 
tion or a short circuit condition exists, or if voltage and 
current is supplied for a period of time exceeding a max- 
imum. 

Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range determried by a system 
load curve. The control device uses measured load im- 
pedance «o determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device taKes the resulting comparison and controls the 
generator output accordingly. 

Anhour^tneinstn*ne^ 
or a multipolar device including two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 
opposite potee. 

In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the opposr>g surfaces. Each of the t»st and sec- 
ond electncatty oppostte poles cxjmpnses at least one tis- 
sue contacting »<P C.l ro d ». Tr>» •teetrodo* »ro arrano*d 



on the distal end of the elect rosurgtcal device so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The irripedance monitor- 
5 ing circuit monitors the impedance of the tissue between 
the electrodes during the dafivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares the measured tnpedance 
ro vaUies to tr>e determined thresr^ 

generates a control signal to switch oft the RF power de- 
livered to the tissue; upon the condition of measured im- 
pedance value axceeolng the threshold i mpe da n c e val- 
ue. 

correspono%>g to the first pole ere offset wkh respect to 
the irtertawr^ swfface from each of the electrodes cor- 
responding to the second pole. In other word*, the elec- 
trodes are offset from each other so that they are not 
20 c^ametricaVy opposed from each other on interlacing 
surfaces or they are separated and insulated from each 
other on the same surface; 

m the preferred embodOT^ the^ 
strurnent cctTtpressei tiss^ « 
** tween the first intienac^ 

facing surface and applies electrical energy through the 
compression zone. More preferably* compression 
zone is an area defined by a compress*^ rk*p^ on rjne 
of th e rttetfadng surfed 
30 against the other interfacing surlaiMi AWem^lwiy w in 
adofbon. there may be e compression ridge on both in- 
terfacing surfaces. 

One embodiment irxiluoas a cutting elemem as^ 
ctaled with an end effector. The c^g elernsnt b ar- 
35 ranged to cut tissue at or near M coagulation site. Pref- 
erably, *»e confutation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
ske. Once tissue is coagulated or cauterized; the cutting 
element may be used to cut tfvough the coagulated tis- 
4o sue or between two zones of tissue cca^utattoh. 

In another embocfanent the hemostatic device is in- 
corporaied into a linear cutter similar to a liriear cutting 
mechanical stapler. In this embodiment the hemostatic 
device comprise* two subetantiaiy parallel and ^ 
as ed electfode bars which are associated wftri one pole, 
and a slot tor cutting means to travel behween the bare. 
Optionally one or more rows of staples rftay provide on 
eech side of the slot and bars to provide addrtional he- 
mostasis. - 
so In orjeratioa tissue is clamped between two jawsoi 
the instrurrient, and electrical energy in the form of raota 
frequency fRF*) energy is supplied to the corryressed 
tissue to coagulate or cauterize blood vessels afongthe 
two substantially pareSel bars. Based on the Wipedanc© 
55 modeling of tne device wim mis spec** electrode con- 
figuration, an appropriate function of the rninknum sn- 
pedance is incorporated rtto the impedance feeofeack 

circuit tod«t*fTTw>« an«oo»aoriatotv«ihold i 



02/28/97 12:09 REEDFAX 91415325305'; 



NO. 188 PQ34^43* 



BP 0 703 461 A2 



(•vat A warning mechanism is used to warn the user 
when the impedance is out of range or exceeds the 
threshold impedance level Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate instrument response, 
including where appropriate to turn ofl the RF energy de- 
livered to the tissue. 

tn accordance with another aspect of the present in- 
vention a method of operating apparatus for etectrosur- 
gicalfy treating tissue ourmg suroical procedure is pro- 
vided. Accordingly, a preferred method comprises me 
steps of. applying RF energy to tissue to be electrosur- 
gicairy treated by means of an elecirosurgical instru- 
ment: measuring the impedance of the tissue between 
electrodes corresponding to two poles of the electrotur- 
gical instrument; generating the impedance signal rep- 
resentative of the impedance of the tissue; and control- 
ling the RF energy applied to the etoctrosurgicai instru- 
ment in response to the impedance, signal 

The step of cororoe^ the RF energy applied to the 
electrosurgical instrument may comprise the steps of: 
determining and heading ^ 

termtnng a tl^eshpld impe^ value based on a func- 
tioh of the mtiimum inyedar^ value; cc«npantig meas- 
ured impedance values to the threshold wnpedance val- 
ue; arid generating a control signal to control or switch 
off. the power of the controller upon the condition of 
measured impedance value exceeding the mreshold im- 
pedence value 

In accordance with yet anomer aspect of the present 
invention, a method of operating an electrosurgical ap- 
paratus tor coagulating tissue during surgical procedure 
comprises the steps of: providing an electrosurgical in- 
strument having en end effector cc*riprisir>g th^ first and 
second tissue erigaoing eurteces, at least onS of said first 
and second tissue engagirig surfaces including thereon 
a tissue contacting etacbode. essoetated witfi a first pole 
of an elect rosurgical system arid at least one of said first 
and second tissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system; erigaf^ tissue to be coag- 
ulated between the first and second tissue engaging sur- 
faces; selectively controlling RF energy supp l ied to the 
first and second tissue correcting electrodes for coagu- 
lating tissue positioned therebetween: measuring the rn- 
pedance of the treated tissue: determining and holding 
a minimum impedarce value: determining a threshold 
impedance value based on a function of the minvnum 
impedance value; comparing measured impedance vat- ■ 
ues to the threshold impedance value; stkJ controlling or 
switching oft the RF energy connected to »te first end 
second electrodes upon the condition of the measured 
impedance value exceeding the threshold impedance 
value. 

Other objects and advantages of the invention writ 
apparent from the fosowing description, the accompany- 
ing drawings and the fosowing claims • 



Brief Description of the Drewlnos 

Fig. 1 is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end of the instrument of Fig. 1 in an open position; 

Tig. 3 is a partial ciDss-secttonal view of the distal 
end of the instrument in Fig. 1 in a closed, unfired 
position; 
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Fig. 4 is a partial 
end of the instrument 



sectional view of the cSstal 
in a dosed, fired position; 



Fig. 5 is a front cross sectional view of the distal end 
of the instrument of Fig. t along the sne 5-5; 

Figs. 6-9 represent a schematic btocfic diagram of a 
mfbrofHCCessor coritrbftsd irnpeoarica monitoring 
apparatus for conti^ by 
electrosurgical instrument c* Figure i ' * 

Fig. 10 is a schematic bfc^ d^^m of an analog 
embodiment of the controller foY uselri the appara- 
tus of Figure v. r *V 



Fig. 11 Is a logic diagram of the controller bfTig. 10 
illustrating controT logic for RF output control; and 

Fig. 12 is a characteristic curve illustrating the 
change m impedance over time during application 
of elect rceuro^ceJ energy to tissue using th* electro- 
surgical instrument stustraied in Figure 1. 

Ortaltod D-cftetkm rf the Invention 



Whfle the present invention is generally appscabJe 

40 to a variety of sisc lrca u i gic al instruments both monopo- 
lar arid muttyoUr, arid both conven t ional and eridoscop- 
ic. it witt be de s cr ib ed herein with reference to a bipolar 
linear cutting instrument 

The primary rxirpose of the intoedar** monitoring 

45 device a to detemrw* when the tissue has been treated 
toadesireddegfee PreMrabVmistreatrneht iscx^let- 
ed when the tissue has been cauterized and before ex- 
cessive tissue sticking, burning or chairing occurs. The 
impedance of tissue as it is being heated with electro- 

50 surgical s*>erw osnersBy folfc>ws a c*>ejacteris^ tissue 
impedance curve. According to the impedance curve, 
generasy the mpedahce wM decrease, arrive at a mini- 
mum value, and then rise as rmgutttion arid tissue de«- 
iccation occurs. At an irnpeoarica or within a rang^ ol 

55 rnpedance s on a characteristic curve, coagulation win 
predictably occur. 

Figure 12 is a characteristic im pe danc e curve illus- 

Iraf ino tr»* chano* in Hera* imoadanc* ov»r «rr>«. «*J**«o 
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the application of electrosurgeal energy using the elec- 
trosurgical instrument illustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. Z^^, 46. 
This impedance ts based on the value of the lowest im- 
pedance on the curve. Z^ 45. i e . when the impedance 
has etopped taUing and begins to nse. A function of the 
minimum impedance f (Z^) b used to approximately 
predrt a point at which coagulation occurs. 46 

Referring now to Fig. 10 there is illustrated a sche- 
matic block diagram of an analog embodiment of the im- 
pedance monitoring device ol the present invention. The 
impedance monitoring device determinee when coagu- 
lation is complete as we! as other instrument parame- 
ters, tor example, if there it an open circuit, short circuit 
or it voltage and current is supplied to the tissue for more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
and/or tissue engaged by the instrument. For example. 
H excessive, not enough, or ^appropriate tissue is en* 
gaged by the instrument: 

the instrument to is positioned to engage tissue to 
bo treated. Then, when appropriately positioned. RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector! 15 of the instrument 10, Pref- 
erably, 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal, waveform , at a frequency of 
about 300 Khz to 3 Mhz is supplied with a current of about 
0. 1 to 4.0 amps. The generator 70 is turned on by a user 
operated, switch 42 The user , operated swtch 42 pro- 
vides a signal to the controller 79 to turn on the energy 
The output 129 of the controller is coupled to an analog 
switch 1 30 When output 1 29 provides an *RF on* signal 
to the switch. 1 30. an oscttator 72. coupled to an analog 
muftjptier 75 through the switch 1 30. supplies a voftage 
. of a known frequency to the analog muttipker 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which n coupled to the input of an RF amplAer 71. 
An amplified RF clonal is supplied by Jhe generator 70 
to a circuit 80 which incudes the first electrode 39 and 
second electrode (anvil 1 9) of the instrument 10. and 
the tissue 43 to be treated by the instrument tO. 

The current and voftage delivered to the tissue is 
measured and an RMS current <1 RMS ") and an RMS volt- 
39* CVrms") * cteterrrwned. 

A voftage and current sensor 61 senses the current 
and voftage delivered to the tissue. The voftage and cur- 
rent sensor 81 includes a low impedance current trans- 
former 62 in series with the generator 70; and a high* 
impedance voltage transformer 83 connected in paratfel 
across me generator 70. preferably the current trans- 
former 82 has. .for. example, a 1:20 winding ratio and a 
50 ohm resistor in parallel with the secondary of the 
transformer. Preferably the voftage transformer 63 has. 
for example, a 20:1 winding ratio and a IK ohm resistor 
in paraAel with the secondary of the transformer 

The output of the current Inmstomw 82 is couoted 



to en RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of I^ms The output of the voftage trans- 
former 83 b coupled to an RMS converter 85. The RMS 

5 convener 85 converts the voltage signal into an DC eig- 
ne! end provde output 67, representative of V RM3 . 

The measured impedance. Z. is than calculated 
from the measured \ nu% and V RUS . The outputs 67. 85 
of V RMS and tftus are supplied to an analog divider 88 

re which divides the V^,, by the current 1^^ to provide 
an output signal 69 representative of the measured Im- 
pedance. Z. 

From the Imss* v rms **** rneasured impedance, Z. 
the impedance rnortrtoring device determines whether a 
short circuit or open circuit oondttkjn exists, whether voA - 
age and current has been delivered for an amount of time 
exceeding a predeterrrMned maximum, and whether co- 
agulation ts complete. 

A short circuit condition is determined by .comparing 
the measured impedance. Z. to « predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist (*Z SC S ); tt the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

*s ..The impedance signal 89 Is input to a short circuit 
detector 90 comprised of a ccroparator. The positive in- 
put 92 of the comparator b connected to a potentiometer 
93 which sets the threshold impedance, Z^. When the 
impedance signal 69 causes me input at toe negative 

30 input 94 of the comparator 91 to be lower than that at the 
positive, input 92. an •on* condition occurs al Jhe output 
95 of the cornpamtor 91. This condition is convrttjnicatod 
to a logic controfer 79 which provides a preprogramed 
instrument response, which, in this embodiment, in- 

js eludes turning off RF energy. 

An open eveuft condition exists if there is a voftage 
between tfie electrodes 18. 39. and no current An open 
circuit is Mermrned as follows: It the V RWS is above a 
prec^tsmiined.minifnum threshold indicating a voltage, 

*o V^,^. and the tfutt is below a preo^termined minimum 
current threshold indicating a current (hen an 

open circuit signal is provided to a controller: 

A current threshold detector 106 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 

*s tentkameter 107 sets the level so that when a cur- 
rent is present, the current detector 106 wflJ indicate as 
such. The 1,^ signal 86 is connected to the positrva in- 
put 109 of the comparator 106. Thus, when the \ fwiS m 
greater then the value. 1*^.** set by the pexsnfometer 

so 107. a posrtrve voltage appears at the output 110 of the 
current threshold detector 106. 

Skntbrry. a voltage threehold detector 113 incftides 
a potertfiometer 114 connected to the negative input 11 5. 
The potentiometer 114 sets the voftage threshold at 

ss which tr>etfvesrx)Jd detector 113 registers 

put. Vpjm, when a minimum voftage is present The 
V^ms **gnal « input to the positive input 116 of tie 

trvrecbold datactor 113 Thw, If the V,^^ m ntr mm wt m t*» 
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VfefMit set by the potentiometer it 4. a positive voltage 
will appear at the output 11 7 ol the voltage threshold de- 
tector 113. 

The output 117c4the voltage threshold detector 113 
is also coupled to an AND gate 111 and the output 110 
ot the current threshold detector 1 06 is coupled to an in- 
verted input tl2of the AND gate 111. The AND gate ill 
acts as an open circuit detector. When the V^us exceeds 
the V,^ and where the 1^ does not exceed 1^^, 
a tootc 1 win appear at the output 120 of the AND gate 
111 indicating an open circuit. The output 1 20 of the AND 
gate 1 11 is coupled to the controller 79 to communicate 
me open circuit statue. 

If current or voltage is supplied an extended period 
of time and a coagulation complete condition has not 
been detected. A may indicate, for example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred, if the V fms is above the predetermined 
Yawm* °* tno lf«*s ** above *thr%«H. then a timer is turned 
on. If the timer is on for a period of time greater than a 
predetermined maximum amount of time. T matfa then a 
tme over signal o provided to the controller. If the dura- 
. tion of the tsner on a not greater than T,^ then me de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current voltage and impedance, etc. 
as described above. 

The output 1 10 of the current threshold detector 106 
ts coupled to an OR gate 1 1 8 which is coupled to a timer 

121. If the tfttj, exceeds the 1^,^. the output 11 Oof the 
-current: threshold detector 106 wiH present a logic 1 to 
the OR gate 11 6 which win then turn on the timer 1 21 . 

Similar ty the output 1 1 7 of the voltage threshold de- 
tector 113 is coupled to the OR gate 118. If the V*^, is 
exceeded by V*^. the GR gate 118 will present a logic 
1 at its output 119 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupled to the controller 79. When 
the timer 121 has been activated tor an amount of time 
that exceeds a preset threshold time. T^u, the output 
123 wiH be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 

122, when the instrument 10 is reset 

A coagulation complete condition is determined as 
fosowe: First. is determined. Then, a target vnped* 
ancs at which coagulation is complete. a calcu- 

lated as a function of the minimum impedance The initial 
impedance, Z^. slope of the impedance curve, 

and time to complete may vary for a given application 
and/or instrument, but tend to correlate to a function of 
minimum impedance. Depending on the instrument used 
andAx the, actual desired result the actual function of 
mrwnum impedance may vary. In this particular embod- 
iment f(Z^) is ir*ea^f(^^ This function 
is bound, t.e , where 7 mm ts > 560 corns, then Z tmt9mX is 
+ SO ohms. HZ^) may be a afferent functor It 
may be continuous. non-conlru*ous. linear, non-tinea r, a 
piecewtse approximation and/or in the form of a look-up 
table. tCZmta) may also be bound at different values. 

Tne impedance s tonal 89 is used to determine tissue 



coagulation as folows: First, a determination is made 
whether the measured Z is a minimum impedance. Z mio . 
The *npedance signal 89 is inverted and offset by a gain 
offset inverter 96. The output of the gain offset inverter 

s 96 is in turn is coupled to a peak detector 97. The output 
102 of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z+fc). Z^ will now 
be the highest offset value of (-Z + k) encountered. 

The peak detector 97 thus detects and holds the 

io ~ highest value of theinverted and offset rrieasurexj imped- 
ance, Z. which is 7 ||lU When Z^ has occurred, the out* 
put 1 03 of the peak detector 97 is representative of (-2,*, 
' ♦*) RF energy is continued to be applied to the tissue 
and the monitoring for short circuit open ctrcurtar>d time 

1$ over as welt as looking for a Z^ continues until a Z is 

equal to Z^,. 

When the Z^ has been determined^ function of the 
2mm (HZmmJ) * calculated to provide a impedance. Z^,. 
^ at which treatment (coagulation) b completed The 

20 output 1 03 of the peak detector 97 is coupled to a thresh 
old determining circuit 98 which calculates the function 
of Z^i* to determine the Zt~o»t The output 99 of the 
threshold determining circuit b representative ol Z^^, 
when the measured impedance is equal tA 7 ^ 

& A continuoua comparison is rnade between Z and f 
(Z,,^ It should bertotedherefhatf(2^fe^ 
calculated as f(Z) untfl a 2^ is detects^. The cornpan * 
son is continuously made between Z and T(Z) uhti 7 m _ Lm 
is determined. This does not have a significant conee- 

J0 ' quence. however, because it is anticipated that 1(2) will 
be larger than Z during tissue treatment and a premature 
coagulation cornptete signal thetefore w* not occur. 

IT measured Z b less than or equal to the 2^*, then 
FtF energy is contstued to be supplied and steps de* 

3S scr toebabbv* are earned enrt 

vided to the cohtroter that tt>ero is an open circ**4 signal, 
short eveurt signal, a time over signal, or a coagutale 
complete signal: It the measured Z is greater than or is 
equal to *Z^ 90 i* then a signal is provided to the controller 

"> that coagulation has been completed. Again it is rxrted 
that in this erifeodiment Z has been inverted and shifted 
in order loaccaimiudaleZ^ determination via the peak 
detector 97. The Impedance values referred to in this 
paragraph are the actual impedance values 

** The output 99. Z^^ of the Uueehold determining 
circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator tOO; The comparator 100 compares the -Z 

so > k representative value which is input to the negative 
nput 104 of the comparator 100. to the 2^ represent- 
ative value which is calculated as a function of ♦ k. 
ti-Z + ki* less than or equal to the the comparator 

output 105 wiH be positive. That is. if the measured Z is 
greater than ffZ^), a coagulation complete signal wiH 
appear at the output 105 of the comparator 100. 

A signaf is provided to a cortrc^leric^ea^ condition 

tncfaeetino wrtefhec or not m o*— » w»d«iion man*** Mp*»" 
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The existence of one or more of these conditions the RF 
energy is automatically turned off by the controitor. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24, a coagu- 
lation complete input .125. an open circuit input 126 and 
a tvne out input 127. as wall as a reset input 128. The 
controfter 79 also includes a RF control output 129 which 
switches ooanoVor off the RF generator delivery of elec- 
trosurgical energy to the tissue. As long as the output 
129 is a logic L the RF ts on. The output 1 29 is a logic 
1 when coagulate complete 12S. t vne out 127, short cir- 
cuit 124. the open circuit 126 and the reset input 128, 
are all at a logic *0*. It any one or more of the Inputs 124. 
125. 126. 127; 128areatatogx;i'theflFcontroloutput 
129 is a logic "0* and the RF it turned off 

A preferred embodvnent provides a control device 
which controls the generator energy output based on 
load impedance. The toad vnpedance is used to deter- 
mine a preferred energy, level, e.g., voltage, current or 
power level, based on a specie system toad curve for a 
generator, instrument anoVor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and aov 
justs the generator c*rtput according tolhe differeree be- 
tween the two, i.e., preferably to mewmze the difference 
between the two. 

The specific toad curve preferabty jenects the votl- 
age. current,, power, for a range or wiM 
optimize performance of the instrument: The toad curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. .The toad curve may vary from 
generator to generator, for a particular Instrument in use 
with the generator, or for a particular etertrosurgical ap- 
plication of the generator. For example, in a one embod- 
iment using an instrument- such as de^ herein, 
three impedance ranges have bean identified at which 
different energy requirements exist: Init'oity tissue wr\- 
pedance is in a lower range, e.g., approoevnatety 20 to 
100 ohms. In trie lower ranges, more current is requited 
to provide enough power to initiate tissue coagulation. A 
second, mid-range c*~impedaf)ces, e.g.. approximately 
100 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e.g^. approximately 500 ohms and above, requires the 
voltage be limned to prevent sparking and tissue sticlung. 
Thus the system load curve in this embodiment would 
reflect both the inherent characteristics of the generator 
and votage output at which optimum power a delivered 
tor a particular vnpedance. as well as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10, a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the votage Vrms signal 67 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causes trie Generator 70 to oroduee von- 



ages within a desired range based on a toad impedance 
fit to a specific toad curve. 

The impedance 89 ie fed to a function fitting device 
61 . The output 64 of the function fitting device 61 repre- 

5 sent* a desired voltage based on the input impedance 
89. Thb desired voltage function is the voltage required 
for the generator 70 to produce a particular, ore-deter- 
mined load curve. Desired voftage output 64 along with 
actual voltage ts fed into an error ampbfter 62. The output 

io 65 of the error amplifier 62 represents an error voltage 
which is fed into an analog muttiptier 75 through a diode 
77 

Afternatrvefy* current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fitting de- 
vice which provides a desired current power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated currant power or other energy 

20 : parameter. ,. - . 

The diode 77 ensures first quadrant operation of the 
analog mirtlipeer 75. The analog multiplier 75 functions 
as an amplitude modulator of osciBator 72 such that large 
error voltages at output 65 result in targe outputs from ■ 

2S RF amplifier 71 And sma* error voltages of output 65 
result Jn smaller FF output from RF amplifier 7 1 . Thus. 
. generator 70 acts as a rtoseovirxp servo system based 

. . . , on voltage such that a desired load curve is obtained. 
The loop compensation oevice 63 acts to stabrtue the 

3t> servo loop. U an elecuicaip 

is used the form fitting function pref erabty outputs a sig- 
nal reflecting the difference '*% the attentat we energy pa- 
rameter. 

Referring now to Figur es 6-9 a flow chart iiustrates 

ss a rnethod lot carrying out a microprocessor controlled 
otnbotfiment of the present invention. When the system 
is turned on (Mock 200). the variables including Z^. 
Vstr**** 1 ****** and Zwa* ar * <hiliBlbred (block 
201 ) The system continues to look for the activation of 

40 the RF switch (block 202). When fee RF switch is turned 
on. the interruptt are set tor RF Switch (block 203), for 
Short Circuit (block 204), and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automaUcatty goes to the instruction* 

*s associated wsh block 234. 

After the interrupts are set, the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(block 207). e.g.. to took lor an Amplifier On signal or to 
check If certajn votages are in a suitable range. If the 

so amplifier is operating properly, RF energy is turned on 
(blocks 208 and 209). 

, If the ampttter is not operating correctly* an RF Off 
request ie made (blocks 209 and 21 0) and a Hardware 
Failure Alert flag is set (block 211 ). The system looks for 

s* a hardware failure flag (block 233). When the hardware 
fafture is detected, ffie controller rjrovides a hardware 
failure alert indication and shuts off: (blocks 243 and 

2*41 
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II hardware failure is not xvJicaied (block 233), then 
and l^ ts read (block 235) to determine d any volt- 
age or current is being supplied by the system (block 
236). When the system is first inttiefaed. unlrt the instruc- 
tion to tum on energy in block 209 is reached, there 
should be no current or voltage. If there is a voltage or 
current with the RF request off. then there is a hardware 
failure A hardware f aiture alert is indicated and the pro- 
gram is stopped ( blocks 243 and 244). 

II RF energy Is turned on (block 209), then the V, m , 
and 1^ are read and the impedance. Z. if calculated by 
dividing the fay the 1,^.. (block 21 2). The controller 
checks to see if the V mM# and 1^ flags are set 
(block 21 3). These flags are set when a mmwnum thresh- 
old voltage b present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V^,^ and l^^. flags are set (213) the soft- 

^ ware looks tor a ume over condition to determine if the 
device has been on for a penod of time in excess of a 

^maxxnurn. if a time over condition * recognized, the tro- 

->er flag ts set. RF energy m turned off (blocks 218 and 
21 9> and a hardware failure check is run (block 233). 

After looking for a time over condition, the controller 
checks; for a short circuit or open circuit condition, II a 
snort or open circuit exists, the corresponding anon cir- 
cuit or open circuit bit is set (block 220), RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

. The controller checks again for V ##l-W# and 1^ m 
Mock 222. before pioceeolng to the threshold determine 
ing portion of the circuit tifustrated in Fig. S; If the voltage 
or current did not exceed V tfHM * or t mr>afl in blocks 214 
and 216. the controller itenstes the sequence beginning 
at block 212 for detecting time oyer, short circuit, open 
cwcuit. i.e., the coag ul ation complete detection enable 
Thi enables toe device to wait until enough current and 
vooage is deftvered to the circuit to check lor the coagu- 
lation complete condition 

. < "tf the V #n— ^ and 1,,^ flags are set. the short ctrcuit 
and open circuit brts are not set (block 220). and the time 
over condition does not yet exist (block 21 9); the meas- 
ured impedance used to determine if coagulation is com- 
plete as follows. 

The Z initial flag ts set during the first iteration and 
Zn*, is insiatty assigned the measured impedance value 
(blocks 223-225). InibaVy. is the same as the meas- 
ured mpedanc* and thus block 227 is bypassed at block 
226. A calculation is made off (block 228). As long 
as the measured impedance is less than the UZ^), the 
sequence is iterated (229. 231) In the next Aeration of 

• blocks 223-231, the newly measured impedance is com- 
pared to the previous measured impedance which has 
been, assigned 7^ (block 226). As long as the imped- 
ance is decreeing. w * *>• reassigned the new val- 
ue of the measured impedance (blocks 226 and 227) and 
the steps repeated. When the measured impedance is 

OfMl*r man or aou*t to 1(1.^1. i o ttw thr*s*ok* «mo*c*- 



ance. the coagulation complete flag is set (block 230) tf 
coagulation complete flag is set, the RF is turned off 
(block 232) and the hardware failure check is run. 

It after the initial run through the program a hardware 

s failure alert occurs (block 233. 236) or an interrupt oc- 
curs, me program deterrrunes the cause and indicates 
as such (blocks 233-242). The and 1,^ are read, 
(block 235) If no current or voltage b being delivered to 
the system, the controller checks to see If the open cir- 

ro curt, short circuit or time over flags have been set (block 
237). It so then a signal irxficates which flag* have been 
set. and the program is relumed to start (blocks 240, 
242). Similarly, the controfer checks lor the coagulation 
complete flag (block 239). If there was the coagulation 

is complete flag has been set « will be indicated tor ten 
seccno*(block24t).ifrx*.*wffl 

pfete (block 240) and the program WW return to pom! at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry out the steps of Figs 6*9 are 
adapted to provide a complete iteration of at the steps 
at least even/ 1/50 second. 

Referring now to Figs. 1-5 there is illustrated an in- 
strument to be used In conjunction with the irnpedance 
feedback device of the present invention. An endoscopic 

2S linear cutting and stapling instrument 10 is sftown having 
a housing 16 coupled to a shaft 30 with a Rimen extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30 Trie end eftethor 1 5 com- 
prises first and second elements which are comprised of 

30 interlacing jaw members 32:^: Jaw m 

abfy secured to jaw member 34. The housing 16 has a 
clamping trigger 1 2 tor closing jaw members 32, 34. Jaw 
members 32L 34 are shown In an unciamped position in 
Fig. 2. in e clamped position prior to instrument firing in 

9S Fig. 3. and in a damped position after instrument firing 
in Fig. 4. 

Jaw member 32 comprises an anvil 18. U-shaped 
electrode 39 extending along the length of the jaw 32, 
and a U-shaped insulating material 31 surrounding the 

*o outside of the electrode 39. Jaw member 32 has an inner 
surface 33 which tabes an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically communicating electrode bars 27. 28 forming a 
first pole and located on and extending substantially 

<s along the length of the inner surface 33. The U-shaped 
electrode 39 is co mp ri s ed of a conductor, such as, alu- 
minum or surgical grade stainless steel The bars 27, 28 
are separated by a kntfe channel 29 extending tongrtu- 
dinaBy through the mkfcfte of the electrode 39. Pockets 

so 38 located on anvil 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 2d and insulating 
material 31 form a ridge 56 extending out relative to an 
anvil portion 37 of the inner surface 33 (Fig. 5). The elec* 
trode 39 acts as a first pole of a bipolar system. Theenvll 
18 is formed of an etsctricaty conductive material and 
acts as a second pole of the bipolar system, electrically 

ooootit* X» lh» fcc*t notm T)t« *m« 10 h 4 
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taiod from the electrodes by the U-shaped insulating ma- 
teria) 31. 

Bipolar energy may be supplied to the end effector 

15 from elect romrgicai generator 40 (fig. 10) through 
wires 19, 20 extending into the body 16 of the instrument 
The generator 40 is user controeed by way of switch 42 
(fig. 10) Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extenrjng 
through shaft 30. Wire 20 carries a current to the anvil 

16 and is coupled to the anvri 18 through an electrical 
contact means extending through the shaft 30. The elec- 
trical circuit is closed when and only when the clamping 
trigger 12 is dosed. A means of connecting the wire to 
the corresponding electrode as welt as instrument actu- 
ation means are described in parent a p pl i cati on S.N. 
08*095.797. incorporated herein by reference. 

Jaw member 34 composes a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 Includes a t rack 25 tor we d ge 1 3. a fcnire 
cnanr*l 2& extenrtngrto^ center 
of the cartridge 23, a eenes ot drivers 24 extending into 
the track 25 and staples 17 arranged in two sets of par- 
allei double rows. When tissue is engaged between 
clamped jaw members 32, 34. a firing trigger 14 located 
on housing 16 may be actuated to advance a cutting el- 
ement 1 1 through the; engaged tissue to cut the: tissue. 
Simultaneously* wheii the firing trigger 14 is actuated; 
the wedge 1 3 is aovanced mrough the track 25 causing 
the drivers to 24 to displace towards the staples 17. 
thereby driving the staples 17 through tissue and into an- 
vil pockets 36. 

In emersion, trie end effector 1 5 of the instrument is 
located aVa tissue sito where 

jaw members 32. 34 are opened and tissue is men 
placed between the interfacing inner surfaces 35. 33 re- 
spsctivefy of jaw members 32; dtC Tfhs c lampi ng trigger 
.12 is squeezed to cauee the jew member* 32. 34 to close 
to locate and oornpress tissue between the interlacing 
inner surfaces 33. 35. The closure of the ctamptng trigger 
12 also closes the electrical ctrcwL When the tissue has 



32. 34, a user may apply RF energy from the generator 
40 using a user actrvated switch 4Z Current flows 
through the compressed tissue be t ween the electrode 
39. i e.. the bars 27. 28. and the anvfl ia 

After the RF energy is turned off. the controller indi- 
cates me instrument status, e.g.. open circuit, short cir- 
cus, coagulation complete, time over. If the coagulation 
complete status is exSjcated, the firing trigger 1 4 may be 
actuated to advance cutting element 11 through knie 
channels 26. 29 to cU engaged tissue between the bars 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 25 to advance drivers 24 to tire staples 17 
through tissue and into pockets 36 of the anvil 16. Thus, 
the cut line is lateral to tr* coagulation Ines formed by 
the bar electrodes 27, 28 and staples 17 are applied into 
tccigitucfcnaey double rows on each stos ot me cutlmo **- 



ement 11 as me cuttvtg element 11 cuts the tissue. 

The invention de scrib ed and me specific deUftsand 
the manner in which it may be carried out having been 
exemplified it wftbe readily apparent to those staled in 
5 the art that innumerable variations, ratifications, and 
Mentions of the basic principles involved may be made 
wtttoutdspartrigtrcnime 

invention. The impedance feedback system as de- 
scribed above is used to indicate wheneufficientcauter- 

io ization has occurred. Whan coagulation is complete, a 
sagnaf may be provided by a controller to a user, or a 
Lunif near may autctnaticaSy turn off the FF energy. Oth- 
er signals may be provided to an instrument user as wel. 
For e xam ple a tone corre sp onding to the measured im- 

is pedance may be provided to a user to eudfcty monitor 
the change in imperimf a. 

It is also intended tfiatmieo^vicsartoy^ 
use d with nu m erou s types of elsc tro surgicaJ instruments - 
including monopolar, b ip o lar arid rnuMpofar configura- 

zo : tiom^The impedance f eettoack system may be included 
in part or in whole wim the actual instrument, as a sep- 
arate unit anoTor with the energy source or generator. 



1r 



30 



. A control device comprising^- . 

impedan^ 
be cc<jpted.to : tiss^ 

ated wim a teuMMC^ surgical 
instrument and to an energy source aovpfsd to sup* 
pry therapeutic elertrosurc^ energy to satt 



•nsnenjyoorifjrc|ls1gnaf 
energy suppsed from said energy source to said 



cuUry is I 

to measure the impedance of tissue engaged 
by saldtissua-traa^r^ion o* said surgical irwtru- 



4S 



SO 



to determine a minimum impedance value; 

to ds te r rnin e a target impedance value as a 
function ol said minimum impedance valuer 

to compare: measured impedance values to 
said target impedan ce value; and . 



msasured s» i> e da n ce value exceeds said target 



The control device of da cm 1 
ance moamring drcuftry includes: 
a first 



aeeeondcfevlcacoupledtosaid first device tor 
rMtermining tie target impedance vatoeae a func* 
hon of said rrunimurn I 



'v 
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6. 



ance values to said target impedance value and for 
generating a signal indicating whether said meas- 
ured impedance value exceeds said target imped- 
ance value: 

A control device adapted to be coupled to an energy 
source lor providing eiectrosurgical energy to tissue 
to be treated, the control device composing: 

a first input lor receiving at least one of a first 
signal representative of vofta&r delivered from said 
energy source to said tissue and a second signal 
representative of current delivered trom said energy 
; source to said tissue: 

a second input lor receiving a third signal rep- 
resentative of a target impedance for said tissue on 
the energy source, determined from the first and 
second signals; and 

a function fitting device lor providing a fourth 
signal representative of desired energy output 
according to a system load curve, me fourth signal 
corresponding to desired energy output for the tar- 
get load impedance represented by the third signal: 
wherein said control device is adapted to: 
control energy output by the energy source 
based on the third signal representative of the load 
impedance; and 

control the energy source to bring electrosur- 
9>tal energy delivered by the energy source to the 
target wMn a range of desired energy output based 
system load curve. 



4. Trwcontrot device 

parison device for comparing said fc<Jrth siorial. rep- 
resentative of desired energy output, to at least one 
of said first and second signals, eejd comparison 
device being adapted to provide a control signal for 
controlling «aid enef gy source: 

6. 'The control device of claim 4, wherem said control 
y signal represents a difference between said fourth 
signal and said at least on© of said first and second 
signets. 



trodes adapted to contact tissue to be treated and 
to cause elecircsurgrcal energy to be conducted 
between said electrodes through said tissue; and 

a control device according to any one of claims 
1to5. 

wherein the control device is adapted to con- 
trol the output of said eiectrosurgical energy 
between said electrodes. 

An eiectrosurgical device for treating tissue during 
an eiectrosurgical procedure, the eiectrosurgical 
device comprising: 

electricaiy isolated first and second elec- 
trode* adapted to contract tissue to be treated and 
to cause etecftrosurgpeat energy to be conducted 
between said electrodes through said tissue: 

an eiectrosurgical energy source tor povidng 
said electre*ur$c*l energy to said electrodes; and 
acoritroldeyiceeccordVigtoan^ 
20 i bs. .' 

wherein said contra 
trol the output from said etectrcsurgicaf energy 
source to said electrodes. 

«* ft. The eiectrosurgical device of claim 7 or 6. wherein 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 



15 



90 



10. The ^ efectipsurgical device of claim 9. wherein said 
secorxlelectrwtoisk^ 
first and second elements. ' 



11. 



40 



A generator for providing etectrosurgicaf energy to 
an eiectrosurgical devrn. said generator corhpris- *s 
ing: 

an etectrosurpical energy source lor providing 
eiectrosurgical energy to sard etectrosurgicat 
device: and 

a control ctesoce according toany one of claims so 
itoS. 

wherein the control device is arranged to con- 
trol the output of said energy source. 

An eiectrosurgical device tor treating tissue during ss 
a surgical procedure, the eiectrosurgical device 
composing: 

etectriee*y isolated firs! and second elec- 



The electrosurgxaJ device of daim 9. wherein: 

•aid . first and second elements each com- 
prises an interfering surface for engaging tissue to 
be electiosurgicatty treated. 

said first and second electrodes each com- 
prises one or mors electrode elements located on 
said interfacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said interfac- 
ing surfaces. 
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